Abstract-In the present research, the designation of corrugated steel web beams is formulated as optimum design problem. The minimum weights of these new generation steel beams are taken as the objective functions while the design constraints are respectively implemented from BS EN1993-1:2005 (Annex-D, Eurocode 3) ve DIN 18-800 Teil-1. Firefly and hunting search stochastic optimization techniques are used for obtaining the solution of the design problem. The thickness and height of web, distance between the peaks of the following two web curves, the width and thickness of flange will be considered as the problem design variables. The formulation of the design problem considering the limitations of the above mentioned turns out to be a discrete programming problem. Number of design examples considered to demonstrate the efficiency of the algorithms.
Corrugated structure of the web cross-section not only increases the resistance of the beam against to shear force and other possible local effects, but also prevents the buckling due to loss of moment of inertia before the plastic limit. This specific structure of the web leads to a decrease in the beam unit weight and increase in the load carrying capacity. These efficient construction materials, commonly used in developed countries over years, can be utilized at the roofs as an alternative to space truss and roof truss, at the slabs as floor beams or columns under axial force. Although the designers are aware of the advantages of the composite systems to be produced with that beams, there is still not a detailed technical specification about their design and behavior. The first studies on the corrugated web beams were focused on the vertically trapezoidal corrugation. Elgaaly investigated the failure mechanisms of trapezoidal corrugation beams under different loading conditions, namely shear mode [1] , bending mode [2] . They found that the web could be neglected in the beam bending design calculation due to its insignificant contribution to the beam"s load-carrying capability. Besides that, the two distinct modes of failure under the effect of patch loading were dependent on the loading position and the corrugation parameters. These are found agreeable to the investigation by Johnson and Cafolla and were further discussed in their writings [3] . In addition, the experimental tests conducted by Li et al. [4] demonstrated that the corrugated web beam has 2 times higher buckling resistance than the plane web type. According to Pasternak et al., [5] , the buckling resistance of presently used sinusoidal corrugated webs is comparable with plane webs.
II. Design of Corrugated Steel Web Beams
Corrugated web beams shown in Fig. 1 are built-up girders with a thin-walled, corrugated web and plate flanges. Based upon the experimental tests and finite element analysis results, the following design procedure has been suggested: The corrugated web is regarded as an orthotropic plate with rigidities Dx and Dy. According to [5] , the following formula therefore applies to the corrugated web:
For transverse buckling stress of corrugated web;
For slenderness parameter of corrugated web;
With the buckling coefficient of corrugated web;
the transverse force load carrying capacity for the corrugated web finally results in:
B. Normal load carrying capacity of flanges
In determining the normal bearing force of the flanges, a distinction must be made between tensile and compressive stresses. In the case of tensile stress, the load carrying capacity of the flange is derived as follows:
Reformulation of the expression for ψ = 1 leads to the following elastic limit stress:
Therefore the reduced normal force on the flange:
Global failure of stability -lateral buckling of the flange -is equivalent to the verification against torsional-flexural buckling. If the restraining effect of the web is ignored, the torsional-flexural verification is carried out as the buckling verification for the "isolated" flange in accordance with [5] . The following condition for the distance between lateral supports is obtained:
III. Stochastic Optimization Techniques
A combinatorial optimization problem requires exhaustive search and effort to determine an optimum solution which is computationally expensive and in some cases may even not be practically possible. Metaheuristic search techniques are established to make this search within computationally acceptable time period. Amongst these techniques are simulated annealing [6] , evolution strategies [7] , particle swarm optimizer [8] , tabu search method [9] , ant colony optimization [10] , harmony search method [11] , genetic algorithms [12] and others. All of these techniques implement particular metaheuristic search algorithms that are developed based on simulation of a natural phenomenon into numerical optimization procedure. They have gained a worldwide popularity recently and have proved to be quite robust and effective methods for finding solutions to discrete programming problems in many disciplines of science and engineering, including structural optimization.
A. Hunting Search Algorithm
Hunting search method based optimum design algorithm has six basic steps, which is outlined in the following [13] .
Step 1 Initializing design algorithm and parameters: HGS defines the group size which is the number of solution vectors in hunting group, MML represents the maximum movement toward the leader and HGCR is hunting group consideration rate which varies between 0 and 1.
Step 2 Generation of hunting group: On the basis of the number of hunters (HGS), hunting group is initialized by selecting randomly sequence number of steel sections (I i ) for each group. where; the term r represents a random number between 0 and 1, I min is equal to 1 and I max is the total number of values in the discrete set respectively. n is the total number of design variables.
Step 3 Moving toward the leader: New hunters" positions are generated by moving toward the leader hunter.
where; I i L is the position value of the leader for the i-th variable.
Step 4 Position correction-cooperation between hunters: After moving toward the leader, hunters tend to choose another position to conduct the `hunt' efficiently, i.e. better solutions. Position correction is performed in two ways, one of which is real value correction and the other is digital value. In this study real value correction is employed for the position correction of hunters. 
Step 5 Reorganizing the hunting group: Hunters must reorganize themselves to get another chance to find the global optimum. If the difference between the objective
L is the position value of the leader for the i-th variable, r represents the random number between 0 and 1, min(I i ) and max(I i ) are min. and max. values of variable I i , respectively, EN refers to the number of times that the hunting group has trapped until this step. α and β are determine the convergence rate of the algorithm.
Step 6 Termination: The steps 3 and 5 are repeated until a pre-assigned maximum number of cycles is reached.
B. Firefly Algorithm
Firefly (FFO) algorithm is originated by Yang [14, 17] and it is based on the idealized behaviour of flashing characteristics of fireflies. These insects communicate, search for pray and find mates using bioluminescence with varying flaying patterns. The firefly algorithm is based on three rules. These are:
 All fireflies are unisex so they attract one another.  Attractiveness is propositional to firefly brightness.
For any couple of flashing fireflies, the less bright one moves towards the brighter one. Attractiveness is proportional to the brightness. Attractiveness and brightness decrease as their distance increases. If there is no brighter one than a particular firefly, it will move randomly.  The brightness of a firefly is affected or determined by the landscape of the objective function. Mathematical interpretation of the above rules is given in following as explained in [14] .
In the firefly algorithm attractiveness of a firefly is assumed to be determined by its brightness which is related with the objective function. The brightness i of a firefly at a particular location x can be chosen as I(x) ∞ f(x) where f(x) is the objective function. However, the attractiveness β is relative, it should be judged by the other fireflies. Thus, it will vary with the distance ij r between firefly i and firefly j.
In the firefly algorithm the attractiveness function is taken to be proportional to the light intensity by adjacent fireflies and it is defined as; 
Where k i x , is the k th component of the spatial coordinate x i of the i th firefly. The movement of a firefly i which is attracted to another more brighter firefly j is determined by
Where the second term is due to the attraction while the third term is randomization with α being the randomization parameter. "rand" is a random number generator uniformly distributed in [0, 1] . The values of parameters in the above equations are generally taken as β 0 = 1 and α є 1 [0,1]. Randomization term can be extended to a normal distribution N(0,1) or other distributions. γ characterizes the variation of the attractiveness, and its value determines the speed of convergence and performance of the firefly algorithm. In most applications its value is taken between 0 and 100.
The pseudo code of the algorithm is given in [14] which repeated in Fig. 2 . Engineering design application of firefly algorithm is given in [15] . In [16] FFO algorithm is used to determine optimum solution of six engineering design problem that are taken from the literature and its performance is compared with other metaheuristic algorithms such as particle swarm optimizer, differential evolution, genetic algorithm, simulated annealing, harmony search method and others. It is stated that the results attained from the optimum solutions of these design examples firefly algorithm is more efficient than particle swarm optimizer, genetic algorithm, simulated annealing and harmony search method. In [17] , the permutation flow shop is formulated as a mixed integer programming problem which is classified as hard to solve nonlinear programming problem. FFO algorithm is applied to find the optimum solution of this problem. It is concluded that the preliminary results indicated that FFO performs better than the ant colony algorithm on benchmark problems taken from literature.
begin; Objective function f(x), (x) = (x 1 , … , x d ) Generate initial population of fireflies x i , (i =1, … , n) Light intensity I i at x i is determined by f(x i ) Define light absorption coefficient γ while (until the termination criteria is satisfied)
for i = 1 : n all n fireflies for j = 1 : i all n fireflies if (I j > I i )
Move firefly i towards j in d-dimension end if
Attractiveness 
IV. Optimum Design Problem
The design of a corrugated web beam requires the selection of width and thickness of a plate from which the corrugated web is to be produced, distance between the peak points of each corrugate, the length of corrugate web, the selection of width and thickness of a plate for upper and lower flanges in the beam. For this purpose a design pool is prepared. The optimum design problem formulated 124
considering the design constraints explained in the previous sections yields the following mathematical model [18] [19] [20] [21] [22] . I is the thickness of corrugated web, 4 I is distance between the peak points of each corrugate web and
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I the height of corrugate,. Hence the design problem turns out to be minimize the weight of the corrugated web beam.
where, The design example is separately solved by hunting search (HSM) and firefly algorithm (FFO). The size of the initial population and the maximum number of generations are kept the same in HSM and FFA (Table I) . The result of the sensitivity analysis carried out for the FFO parameters is given in Table II. In steel construction applications, the web part of beam usually carries the compressive stress and transmits shear in the beam while the flanges support the applied external loads. By using greater part of the material for the flanges and thinner web, materials saving could be achieved without weakening the load-carrying capability of the beam. In this case, the compressive stress in the web has exceeded the critical point prior to the occurrence of yielding, the flat web loses its stability and deforms transversely. Fig. 4 . It is apparent from the figure that FFO method performs better convergence rate and better solution than HSA technique in this design problem. 
VI. Conclusions
This study concerns with the application of a hunting search and firefly algorithms to demonstrate the robustness of the proposed algorithms and to find the optimum design of corrugated web beams. The design algorithm is mathematically simple but effective in finding the solutions of optimization problems. Fly-back mechanism is employed for handling the problem constraints and feasible ones being candidate solutions to give the minimum weight are determined. A corrugated web beam example is designed to illustrate the efficiency of the algorithms. Comparison of the optimum designs attained by HSA and FFO clearly shows that the FFO outperforms the latter in the second particular design problem. In view of the results obtained, it can be concluded that the FFO is an efficient and robust technique that can successfully be used in optimum design of corrugated web beams.
